The Brazilian Ministry of Health recommends that by 8 months of age, children should eat the same types of foods consumed by the other members of the family. Thus, this study sought to evaluate whether the nutritional composition of meals specially prepared (SM) for children aged 7 to 18 months in low-income families was superior to that of meals adapted (AM) from the family's table foods. Protein, fat, carbohydrate, energy, dietary fiber, iron, sodium and sodium chloride values, were determined by chemical analyses and compared to dietetic guidelines. The infants' hemoglobin levels were also investigated. In total, sixty samples of the infants' lunch meal (51 AM and 9 SM) were taken for during a home visit. The values of protein, fat, carbohydrate, dietary fiber and energy of the AM were significantly lower, while the sodium and sodium chloride values were significantly higher, compared to those of the SM. The AM also contained significantly more water. No differences were seen with regard to iron values. Sodium chloride amounted for most of the sodium content. Neither the SM nor AM was adequate in terms of iron and sodium. All SM were adequate for protein and fat, whereas AM showed significantly more samples with inadequate energy levels. SM fell within the Acceptable Macronutrient Distribution Range, while AM fell below the lower value for fat and slightly above the upper value for carbohydrate. The prevalence of anemia was 60% in the study population (36/60). In conclusion, meals adapted from the family's table foods showed a lower nutrient density and a less balanced macronutrient range when com-* Corresponding author. P. Ribeiro et al. 1248 pared to meals specially prepared for infants. The main nutritional shortcomings, for both AM and SM, were the extremely low content of iron and the high content of sodium.
Introduction
The weaning process represents a period of particular concern in developing countries because it is often accompanied by malnutrition, most commonly during the second semester of life, when foods other than breast milk are added to the diet [1] . It is well recognized that the period of 6 -24 months of age is one of the most critical time periods in the growth of the infant because at this time, children have high demands for nutrients and there are limitations in the quality and quantity of available foods. Infants older than 6 months require complementary foods of appropriate energy and nutrient densities in addition to breast milk to meet their physiologic needs. The relatively high energy requirements of young children, together with their limited gastric capacity, make it difficult for them to eat enough food, particularly if only a few meals per day are offered or if the foods have low energy density, or both [2] . Adequate complementary feeding is a matter of great concern for international health agencies, which have published technical guidelines on optimal complementary feeding practices [3] [4] . These guidelines address the following components: a) the introduction of foods other than breast milk at 6 mo of age; b) an adequate energy density and frequency of feeding of complementary foods; and, c) satisfactory nutrient density in these foods. Ensuring optimal complementary feeding practices for young children living in developing countries is a global public health priority because of their importance for the optimal growth, development, and well-being of infants and young children.
Studies on infant feeding have relied on dietary assessment methods, rather than chemical analysis, to estimate nutrient intake [5] [6] . However, dietary assessment methods have a number of potential errors, such as estimating the portion sizes in grams and the availability of a valid food composition table [7] . Moreover, few studies have addressed the nutritional quality of home-prepared baby foods based on chemical analyses [8] - [10] . These studies showed that home-prepared foods do not always have an adequate nutritional profile, even in developed countries, and show low contents of energy, protein, fat and iron and high levels of sodium.
Because the Brazilian Ministry of Health and the Pan American Health Organization recommend that children at 8 months of age should eat the same types of foods as those consumed by the rest of the family [3] , this study was performed to evaluate whether the nutritional composition of meals specially prepared for children aged 7 to 18 months from low-income families is superior compared to that of meals adapted from the family's table foods. Macronutrients, energy, dietary fiber, iron, sodium and salt, expressed as the actual composition of foods as they were consumed by infants, were compared through chemical analyses to nutrient standards to identify potential nutritional shortcomings of both types of meals.
Methods
The Ethics Committee of the Universidade Federal de São Paulo approved this study, which was carried out in the city of Embu, located in the São Paulo metropolitan area of Brazil. This city has a human development index of 0.735 [11] , and its infant mortality rate is 12.98/1000 [12] . The subjects were selected from families registered in a field training program in Primary Health Care of the Department of Pediatrics of the Universidade Federal de Sao Paulo. From the daily scheduled medical appointments, the mothers of healthy and non-breastfed infants aged from 7 to 18 months were invited to participate, and a home visit was scheduled. Sixty infants were selected. The mothers/caregivers were visited by the first author (PR), a trained nutritionist, when the study objectives were explained to the mother and written permission was obtained. Mothers/caregivers were interviewed for socioeconomic and demographic information. The infants' families' socioeconomic status was assessed according to the criteria of the National Association of Business Research [13] . These criteria are income-independent and based on the head of household level of education. Additionally, points are awarded to the availability of items for comfort and domestic facilities. Samples of the infant's lunch meal were taken for chemical analysis. The hemoglobin concentration was measured with the cyanmethaemoglobin method, using a HemoCue-β-Hemoglobin-Photometer system (HemoCue AB, Ångelholm, Sweden). Anemia was diagnosed when the hemoglobin concentration fell below 11.0 g/dl [14] . All children diagnosed as having anemia were referred to the Primary Health Care Center for treatment.
Sampling Procedures
A double portion of the home-made meal was prepared, from which one portion was given to the baby and the other was put into a plastic bag and taken to the laboratory. No prior instructions on meal preparation were given to the mother (or to the person who prepared the meal). Therefore, the mothers/caregivers prepared the meals in their usual fashion. Fifty-one meals were taken from the family's table food and then adapted by adding water to make a softer food suitable for infants (AM), while 9 meals were specially made for infants (SM). Staple foods consisted of rice, bean, meat, vegetables, pasta and sausage for both types of meals.
Chemical Analyses
The samples were analyzed in duplicate for moisture, protein, fat, dietary fiber, sodium, iron and ash [15] . The moisture content was obtained by heating the samples to 102˚C until a constant weight was attained. The protein level was obtained by determination of total nitrogen by Kjeldahl method, whereas the fat was extracted by using the Soxhlet equipment. Dietary fiber was analyzed with an enzymatic-gravimetric method. Ash was obtained by incineration at 500˚C -550˚C until the ash was carbon-free. Sodium, sodium chloride and iron were determined in the ash solution by flame photometric, titrimetric and spectrophotometric methods, respectively. Carbohydrate content was determined by difference. The energy density was calculated using Atwater's factors, specifically by multiplying the protein and total carbohydrate content by 4 Kcal and adding the result to the fat content multiplied by 9 Kcal.
Comparison with Nutritional Guidelines
As a framework to assess the nutritional quality of the homemade meals, the results were compared to the following guidelines of the Commission Directive 96/5/EC of the European Communities [16] (even though they are intended for processed cereal-based foods and baby foods for infants and young children): protein (minimum 4.0 g/100Kcal), fat (maximum 6.0 g/100Kcal), sodium (maximum 200 mg/100 g) and iron (6.0 mg). Energy (minimum of 70 kcal) was assessed according to the Brazilian standard [17] . An acceptable macronutrient distribution range (AMDR) followed the intervals established for 1-to-3-year-old children (5% to 20% of energy from protein; 30% to 40% from fat; and 45% to 65% from carbohydrate) because there are no recommended ranges for the first year of life [18] .
Statistical Analyses
The statistical analyses were performed using the software Sigma Stat for Windows STAT32 ® (SYSTAT Software Inc., 2005). The Mann-Whitney Test was used to compare the results of the chemical analyses according to the type of meal (SM and AM). Fisher's exact test was used to compare proportions of inadequate meals for energy density, protein, fat, iron, and sodium according to the type of meal, the mothers' socioeconomic class and primiparity, and the prevalence of anemia in the children of the SM and AM groups. The level of significance was p < 0.05.
Results
Socioeconomic and demographic characteristics of the SM and AM groups are shown in Table 1 . The SM group included a significantly higher proportion of mothers who were younger, primiparous, and had significantly more years of education. No differences were seen with regard to the infants' age and the family's socioeconomic class; all families belonged to the two lowest strata of socioeconomic classes. Table 2 shows the analytical results of the AM and SM groups. The values for protein, fat, carbohydrate, dietary fiber and energy in the AM group were lower (p < 0.005), while those for sodium and sodium chloride were higher (p < 0.005), compared to the SM group. The AM group showed higher (p < 0.005) water levels. No differences were seen with regard to iron values, and sodium chloride amounted for most of the sodium content. Table 3 presents the proportions of adequate meals. Neither SM nor AM was adequate in terms of providing sufficient iron and sodium. All SM were adequate for protein and fat, whereas significantly more of the AM samples were inadequate for energy.
The SM samples presented a more balanced macronutrient distribution range (Table 4) . Overall, the SM samples fell into the AMDR intervals, while the AM samples fell below the lower value for fat and slightly above the upper value for carbohydrate.
The prevalence of anemia among the infants was 60% (36/60). This prevalence was lower in the SM group (44.4%, 4/9) when compared to the AM group (62.7%, 32/51), although no statistically significant difference was observed (Fisher's exact test; p = 0.47).
Discussion
Complementary feeding should be timely, meaning that all infants should start receiving foods in addition to breast milk at 6 months of age an onwards; adequate, meaning that the nutritional value of the complementary foods should fulfill the needs of the rapidly growing child; and appropriate, meaning that the foods should be diverse, of an appropriate texture and given in sufficient quantity [19] .
Current guidelines recommend that by 8 months [3] or 12 months of age [4] , infants should eat the same types (maximum: 4.5 g/100 Kcal) (100%) (90.2%) p = 1.000
Iron (mg/100 g) 0 0
(minimum: 6 mg/100 g) (0%) (0%) p = 1.000
Sodium (mg/100 g) 0 0
(maximum: 200 mg/100 g) (0%) (0%) p = 1.000 Table 4 . Mean percentages of energy from macronutrients of homemade meals according to the type of meal.
SM (n = 9) AM (n = 51)
From protein (expected range: 5% -20%) 15% 14%
From fat (expected range: 30% -40%) 30% 21%
From carbohydrate (expected range: 45% -65%) 55% 66% of foods as consumed by the rest of the family. Food consistency and variety should gradually increase with age and adapt to the child's specific requirements and abilities [4] . However, the results of this study showed that, overall, meals adapted from the family's table food had a lower nutrient density when compared to meals specially prepared for infants. The family's food provided less energy, protein, fat, and fiber and more sodium and showed less balanced macronutrient ranges. Additionally, these meals had significantly more water, likely because of the need for pureed, mashed or semi-solid foods suitable for infants, which caused a dilution of nutrients and energy. When compared to the current nutritional guidelines, most of AM samples met the standards for macronutrients, although approximately 70% of them failed to meet the standard for energy. Additionally, fat contributed to only approximately 20% of the energy in these meals (at least 30% should have been expected). These are worrying findings because the first year of life is a period of very rapid growth, with the weight of a normal infant tripling by 12 months of age [20] . Both the quantitative and qualitative nutritional requirements of infants and toddlers are different from those of older children and adults [21] . Thus, the inadequacies in macronutrients and energy found in the AM might jeopardize the infant's growth, development and health. A high content of sodium and low content of iron were the main nutritional inadequacies found in this study, both in SM and AM, and similar findings have been reported in another region of the country [10] . Meals adapted from the family's foods showed a significantly higher content of sodium. Most of this sodium came from added table salt (sodium chloride), reflecting the Brazilian adult population's habit of consuming salt in quantities well above the recommended level [22] . In infants, previous studies using aqueous solutions showed that a preference for salty taste emerges at about the age of 4 months and persists until the age of 2 years [23] . Once salting preferences are established, habit may perpetuate these habits and hamper recommendations to reduce the sodium intake [24] , as recommended by international health authorities. As detrimental effects of excessive sodium consumption in early life and high blood pressure in the first year of life and during adolescence have been found [25] [26] , the Brazilian Society of Pediatrics (manual, 2012) has advocated that baby foods should be prepared with no sodium chloride [27] .
Both the SM and AM presented extremely low iron concentrations; in particular, the iron contents in the meals accounted for only to 2.0% to 3.0% of the recommended dietary intake for iron [28] . Thus, it is not sur-prising that anemia was present in 60% of the infants. These are alarming findings because there is a critical period when iron deficiency may result in long-lasting damage that can alter functioning in adulthood [29] .
The reasons why the meals were so low in iron are unclear, as some staple foods such as beans, meat and sausage have some amount of iron. Further studies are needed to clarify this point; however, we suggest that, most likely, the amount of such foods in the meals were not sufficient to meet the children's needs. Additionally, caregivers might feel that they were not suitable for young children because they may some have difficulties chewing thicker foods, although scientific findings recommend that food consistency and variety should gradually increase as the infant gets older, adapting to their changing requirements and abilities [1] .
Some limitations of the present study must be acknowledged. For instance, this study was conducted in only one city. Therefore, the results may not be generalizable to the entire country, although our findings were corroborated by a study conducted in another region of the country [10] . Replication of these findings in other jurisdictions and with a larger sampling frame would strengthen the generalizability of the study findings to other regions and countries. The strengths of this study include the use of duplicate food collection methods, which is considered a method of greater accuracy [7] , and the chemical analyses of the samples. Therefore, the results expressed the actual composition of the foods consumed by the infants.
Conclusion
The results of this study showed that, overall, meals adapted from the family's table food (AM) had a lower nutrient density when compared to meals specially prepared for infants (SM). In particular, the family's food provided less energy, protein, fat, and fiber and more sodium and showed less balanced macronutrient ranges. The main nutritional shortcomings, for both AM and SM, were the extremely low content of iron and the high content of sodium. Further studies should address whether caregivers should prepare meals that are nutritionally adequate, especially for infants during the second semester of life. Moreover, the family's diet should be modified toward a healthier pattern to meet the infant's needs, which will also benefit all family members.
